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JET CONTROLLED CATHETER

TECHNICAL FIELD

The present invention relates ‘generally to catheters

S

and, more particularly, to controlling the movement of

the catheters in acutely branching vessels without the
need for stiff and abrasive guide wires or other cumber-
some mechanical means. |

BACKGROUND OF THE INVENTION -

Catheters are widely used by the clinical radiologist
and the surgeon. In addition, catheters find application
in diagnosing and treating many ailments. They are used
in virtually all passageways of the body, from blood
vessels and urinary tracts to nasal and throat openings.
Catheters function to augment flow of blood, air, urine,
or as a means of treatment through drug dellvery and
removal of plaque and clots.

One of the great difficulties in utilizing catheters i in
the vascular system relates to the control of movement
of the catheter through the variously branching vessels.
A common form of vascular system catheter is de-
scribed in U.S. Pat. No. 3,687,142 and contains a bal-
loon-like member which assists in “floating” the cathe-
ter along with the flow of blood. However, navigating
the balloon-like member selectively into and through
tortuous side vessels is quite difficult and, in many cases,
- impossible. Toposcopic catheter designs permit move-
ment of the catheter through vessels but have no provi-
sion for guiding and are therefore largely Ilmlted to
non-blfurcated or non-branching vessels.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
novel means and method for controlling the movement
of a catheter into and through tortuous passages such as

are found in the vascular system. It is a further object of

the present invention to provide a readily controlled
guldance arrangement to permit a catheter to traverse a
selected tortuous path in the vascular system ‘without
the need for stiff and abrasive guide wires or other
cumbersome mechanical means.

In accordance with the present invention, the leadlng
end of a catheter is caused to bend, turn, be propelled,
or otherwise be maneuvering by issuing jets of control
fluid from the catheter to impart jet reactive forces
thereto. The jets may be constant streams or pulsatile
and are i1ssued from selected control ports disposed at
circumferentially spaced locations proximate the for-
ward end of the catheter tube. Reverse movement of
the catheter can be effected by issuing fluid from a
control portion disposed at the forward tip of the cathe-
ter tube. The tube is preferably circumferentially
pleated at a location just rearward of the circumferen-
tially spaced control ports in order to facilitate bending
of the tube upon application of a reactive jet force
thereto. A flexible annular flow baffle may be secured
- concentrically about the catheter tube, forward of the
circumferentially spaced control ports, so that the con-
trol flow issued from the control ports strikes the baffle
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and does not impact with significant force against the -

vessel walls. By selectively controlling flow from vari-

ous control ports, the clinical radiologist or surgeon can
guide the catheter tip into difficult to reach areas with a
less traumatic means of maneuvering the catheter than

has previously been possible.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The above and still further objects, features, and
advantages of the present invention will become appar-
ent upon consideration of the following detailed de-
scription of one specific embodiment thereof, especially
when taken in conjunction with the accompanying
drawings, wherein:

FIG. 1 1s an exploded, partlally diagrammatic plan
view of a catheter constructed in accordance with the

present invention;
FIG.21s a plan view of the forward end of the cathe-

ter of FIG. 1:

FIG.31sa su:le view in plan of the forward end of the
catheter of FIG. 1 in a bent condition during one mode
of operation; and
- FIG. 415 a side view in plan of the forward end of the
catheter of FIG. 1 in a retracted position as occurs
during another mode of operation.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS =

Referrmg specifically to FIGS. 1 and 2 of the accom-
panying drawings, a jet controlled catheter. of the pres-
ent invention is generally designated by the reference
numeral 10. The catheter 10 is in the form of an elon-
gated tube 11 made from any soft thermoplastic or
elastomeric material which can be made in the form of
a tube. Sample materials are polyurethanes, copolyester
polymers, silicone rubber, polyethylene, polyvinylchlo-
ride, etc. Tube 11 1s a thin-walled tube having a convex
tapered forward end 12. A plurality of flow passages 13
through 17 extend longitudinally through tube 11 from
its rearward end 18 to proximate forward end 12. The -
number of such flow passages to be employed depends
upon the particular design and operational requirements
for the catheter. The exemplary embodiment illustrated
in FIGS. 1 and 2 shows five (5) such passages. Passages
13, 14, 16 and 17 terminate in respective control ports
23, 24, 26 and 27 which are circumferentially spaced
from one another at a location slightly rearward of the
forward end 12 of the tube. A further control port 25 is
defined at the extreme tip of forward end 12 and serves
at a termination for flow passage 15. A further flow
passage 19 may be provided and positioned to deliver
pressurized fluid into the interior of the tube 11 at its
rearward end 18.

An annular baffle member 30 1s made of flexible mate-
rial, preferably of the same type of material as tube 11,
and includes a radially inward edge which is secured to
tube 11 at forward end 12 at a location longitudinally
intermediate control port 25 and control ports 23, 24, 26
and 27. The radially outward end of baffle member 30
extends radially outward and longitudinally rearward
to overlie control ports 23, 24, 26 and 27 without imped-
ing outflow from these ports.

A bellowed or pleated section 31 of tube 11 1s pro-
vided slightly rearward of control ports 23, 24, 26 and
27. This bellowed section permits the forward end of
tube 11 to be readily flexed off-axis, as illustrated in
FIG. 3, or longitudinally expanded or compressed, as
illustrated in FIG. 4. Bellowed or pleated section 31 is
formed by providing a plurality of annular folds in the
tube.

The rearward end 18 receives the flow passages 13
14, 15, 16, 17 and 19 which are connected to a source of
pressurized fluid 32. Respective valves 33, 34, 35, 36, 37,
and 39 are disposed in each of the flow passages 13, 14,
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15, 16, 17 and 19 to permit individual control of pressur-
ized fluid flow through the flow passages. Alterna-
tively, a common control mechanism 40 may be em-
ployed to permit synchmmzed operation of the individ-
nal valves.

In a typical operation of catheter 10, tube 11 is ini-
tially coiled or otherwise retracted within a larger di-

ameter catheter which is introduced 1nto a large blood
vessel such as the femoral artery. When the large diame-
ter catheter is extended through the vascular system to

the limit its diameter will allow, the catheter 10 may be
extended, or may swim, through the larger diameter
catheter by introducing pressurized fluid into the inte-
rior of tube 11 through actuation of valve 39. In other
words, the small-diameter flaccid tube 11 is propelled
through the larger diameter catheter to the forward end
of that catheter by means of the pressurized fluid intro-
duced from source 32 and passage 19. Upon reaching
the end of the larger diameter catheter, tube 11 projects
forwardly outward therefrom into the smaller vessels in
the vascular system. Continued pressurization of the
interior of tube 11 via flow passage 19 results in contin-
ued forward movement of the tube. In order to achieve
directional control, pressurized fluid from source 32 is
directed by means of the appropriate valve to the ap-
propriate flow passage. For example, as illustrated in
FIG. 3, if it is desired to bend or flex the tube 11 to the
right, as illustrated in FIG. 3, control fluid 1s introduced
into passage 13 by actuating valve 33 so that the fluid 1s
caused to flow outward from control port 23. The con-
trol fluid jet, upon issuing from control port 23, pro-
duces a reactive force on the forward end of the cathe-
ter which results in flexure of the bellowed section 31
and a bending of the tube at that point. By admitting
pressurized control fluid to any one or more of the flow
passages 13, 14, 16 and 17, the direction of bending can
be accurately controlled, it being noted that two or
more control jets produce a reactive force which is
equal and opposite to their resultant vector. If it is de-
sired to slightly retract the forward end 12 of tube 11,
control fluid 1s introduced to passage 15 via valve 35 so
as to be issued from the forward end at control port 23.
The reactive force on the tube, opposite to that of the
issue jet, causes the bellowed section 31 to retract.

Baffle member 30 is provided to prevent the outflow-
ing jet of control fluid from impinging with too much
force on the relatively thin vessel walls.

The control fluid employed is an 1sotonic fluid, such
as Dextran or other such sterile fluid, which is compati-
ble with the blood in the vascular system. Alternatively,
a radiological dye fluid may be employed.

It should be understood that it is possible to dispense
with a number of the control ports and still obtain accu-
rate control of the motion of tube 11. For example, the
circumferentially spaced control ports 23, 24, 26 and 27
can be reduced in number to three (3) while still main-
taining the capability of flexing tube 11 in any direction.
Likewise, control port 25 can be dispensed with and
other means for retracting the tube can be employed. It
should also be noted that forward motion can be 1m-
parted by the use of the circumferentially spaced con-
trol ports if they are baffled so that the exiting flow 1is
directed into an extreme reverse angle whereby to pro-
vide forward thrust.

The flow passages 13, 14, 15, 16 and 17 are shown as
individual passages extending through the length of
tube 11. It may be preferred to have these passages
formed as channels in the wall of the tube 11 rather than
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as individual passages spaced from that wall. Such an
embodiment 1s certainly within the contemplation and
scope of the present invention. In an actual embodiment
which has been tested, tubes as small as 0.034 inches in
outside diameter have been successively manuvered
into extremely angled branches of the vascular system
by surging control fluid through one or more of the

control ports. The force generated by the jet reaction
permitted movement of the catheter sideways, forward
and in a reverse direction. I have found that a 10 cc

syringe can deploy three (3) feet of tube 11 through a
larger diameter catheter with only about 2 cc of control
fluid used to pressurize passage 19. Effective motion
control is provided through a tube of approximately
five (5) feet in length with pressures as low as 1 psi or
less of control fluid. The flexible baffle member 30 pro-
tects even the most fragile of blood vessel walls from
the force of the jet.

While I have described and illustrated a speczlﬁc em-
bodiment of my invention, it will be clear that variations
of the details of construction which are specifically
illustrated and described may be resorted to without
departing from the true spirit and scope of the invention
as defined in the appended claims.

I claim:

1. An improved vascular catheter arrangement for
use in traversmg a network of tortuous blood vessel
passages, comprising;:
an elongated flexible catheter tube for traversing said
‘blood vessel passages and having a forward end
and a rearward end, said tube also having a circum-
ferential periphery with a plurality of control ports
defined therethrough at predetermined angularly
spaced. locations proximate said forward end; and
control means for controllably bending said tube
transversely of the length of the tube, within said
blood vessel passage network, by selectively deliv-
ering pressurized fluid from said rearward end for
issuance through selected control ports to impart
transversely directed reactive thrust forces on sald
tube proximate said forward end.
2. The catheter according to claim 1 wherein said
control means includes a plurality of individual flow
passages within said tube, each passage connected to
selectively and individually conduct fluid from said
rearward end of said tube to a respective control port.

3. The catheter according to claim 2 wherein said
individual control passages are individual flow tubes
disposed within said catheter tube.

4. The catheter according to claim 2 wherein said
flow passages are individual flow channels defined in
the interior wall of said catheter tube.

5. The catheter according to claim 1 wherein at least
one control port 1s located at the extreme forward end
of said catheter tube. |

6. An improved catheter arrangement comprising;:

an elongated flexible catheter tube having a forward

“end and a rearward end, said tube having a plural-
ity of control ports defined therethrough at prede-
termined locations proximate said forward end;
control means for positioning said tube in situ by
selectively delivering pressurized fluid from said
rearward end for issuance through selected control
ports to impart reactive thrust forces on said tube
proximate said forward end;
wherein said control ports are positioned at angularly
spaced locations in the circumferential periphery
of said catheter tube; and .
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flow battle means in the form of a flexible flap having
radially inner and outer edges, the inner edge of said
flap being secured to said catheter tube at a location
between said control ports and said forward end of said
catheter tube, said flap having a sufficiently large radial
dimension so as to extend into the path of fluid being
issued from said control ports. '

7. The catheter according to claim 6, wherein said
catheter tube has a circumferentially pleated section
near its forward end rearward of said control ports, to
facilitate bending of said catheter tube.

- 8. The catheter according to claim 7, wherein said
control means comprises means for individually con-
trolling flow of pressurized fluid to each of said control
POTTS. - |
9. The catheter according to claims 1 or 2, wherein
said catheter tube has a circumferentially pleated sec-
tion near its forward end rearward of said control ports,
to facilitate bending of said catheter tube. |

10. The catheter according to claim 9 wherein said
control means comprises means for individually con-
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trolling flow of pressurized fluid to each of said control
ports.

11. The catheter according to claim 1 wherein said
control means comprises means for delivering said pres-
surized fluid to said control ports as discrete fluid
pulses. |

12. A method of controlling movement of a catheter
tube through blood vessels comprising the step of selec-
tively issuing pressurized fluid from different locations
of said catheter tube to externally of said catheter tube
sO as to impart selective transversely-directed reactive
forces to said catheter tube.

13. The method according to claim 12 wherein said
step of selectively issuing includes issuing the pressur-
1zed fluid in selected radially outward directions with

respect to said catheter tube, to cause the tube to bend
away from the flow direction of the issued fluid.

14. The method according to claim 12 wherein the
step of issuing includes issuing the pressurized fluid in at
least two selected radially outward directions from said
catheter tube to cause the tube to bend in a direction
radially opposite the vectorial sum of the at least two

issued fluid flows. |
I * R %



	Front Page
	Drawings
	Specification
	Claims

